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ABSTRACT 

Model studies were conducted to develop the hydraulic design of the 
spillway approach, morning-glory inlet, vertical shaft, vertical 
bend. and the nearly horizontal portion of the tunnel. A vertical 
deflector with an a i r  vent and two horizontal deflectors were devised 
to provide smooth flow t h ~ u g h  the vertical bend and to prevent the 
flow from spiraling tkrough r5e horizontal portion of the tunnel. 
These devices were needed particularly when wind waves were gen- 
erated on the reservoir water surface a s  this affected the flow in 
the tunnel. Discharges higher than the design requirements were 
briefly investigated to  obtain general hydraulic research data con- 
cerning the flow characteristics of morning-glory spillways. 

DESCRIPTORS--*Spillways/ spillway c res t s /  piers/ discharge 
coefficients / hydraulic similitude / piezometers / *Hydraulic models/ 
guide vanes / vents 1 tunnel hydraulics 

IDENTIFIERS--*Subatmospheric pressures/  "morning-glory inlets/ 
tunnel bends/ * tunnel deflectors 
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PURPOSE 

This study was conducted to develop the hydraulic design of the 
spillway approach, morning-glory inlet, vertical shaft, vertical 
bend, and the nearly horizontal portion of the tunnel. The long 
spillway chute and stilling basin were not studied. 

CONCLUSIONS 

1. The flow in the approach to the inlet was satisfactory. 

2. The flow in preliminary morning-glory inlet structure and 
vertical tunnel shaft was satisfactory. 

3. The discharge capacity of the structure was 875 cubic feet per 
second at reservoir elevation 545.80, Figure 13. 

4. A vertical deflector with a i r  vent in the vertical bend was needed 
to provide a uniform flow depth and to insure steady flow throughout 
the horizontal portion of the tunnel. 

5. Two horizontal deElectors placed high on the two sidewalls of 
the vertical bend and horizontal tunnel were needed to aid in straight- 
ening the flow through the horizontal portion of the tunnel. 

6. Discharges beyond the design requirements were briefly inves- 
tigated to obtain general hydraulic research data concerning flow 
characteristics of morning-glory spillways. 

ACKNOWLEDGMENT 

The final plans evolved from this study were developed through the 
cooperation of the staffs of the spillway and outlets section of the 



San Luis Dam, a part of the San Luis Unit of the Central Valley 
Project, 1s located on San Luis Creek about 60 miles northwest of 
Fresno, Califorma (Figure 1). The purpose of the unit is to store, 
for use durlng the irrigation season, wintertime runoff water which 
otherwise would waste into the Pacific Ocean. 

The dam (Figure 2) i s  an earthfill structure approximately 17, 000 feet 
long at  the crest and about 320 feet high above the streambed. It 
w i l l  have a maximum reserboir area  of approximately 13,000 acres  
with a reservoir capacity of about 2, 100,000 acre-feet. Its prin- 
cipal feature w i l l  be a pumping-generating plant at  the downstream 
end of the outlet works (Figure 3). The outlet works consists of 
four tunnels through the left abutment adjacent to the spillway. 

The spillway (Figure 3) i s  designed to discharge approximately 
900 cubic feet per second at reservoir elevation 545.8 feet. It has 
a 31-foot-diameter morning-glory-type inlet that discharges into a 
vertical shaft 9 feet, 6 inches in diameter (Figure 4). The shaft is 
connected tn a vertical bend that joins a nearly horizontal tunnel 
whose invert is 99 feet below the crest .  The tunnel slopes downward 
at 0 .01 for a distance of 309 feet to an open channel which carr ies  
the flow to  the stilling basin at  the toe of the dam. 

Dimensions of the hydraulic features a r e  listed in Table 1 for both 
English and metric units. 

THE MODEL 

Scope 

The model (Figure 5) was a 1: 14.83 scale reproduction of a portion 
of the reservoir surrounding the inlet, the spillway inlet, the vertical 
shaft, the vertical bend, and a portion of the horizontal tunnel. The 
spillway chute and stilling basin were not modeled, since it was 
believed that this portion of the structure could be developed for the 
prototype by standard design practices. 

Dams Branch and the Hydraulics Branch during the period September 
1962 through November 1962. Photography was by Mr. W .  M. Batts, 
Office Services Branch. 

INTRODUCTION 
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Reservoir  

The reservoir  was contained in  a 1 2 -  by 18-foot head box which 
allowed reproduction of the reservoi r  for  approximately 110 feet 
upstream and 130 feet t o  the right and left of the inlet. The upstream 
face of the dam and the berm surrounding the  inlet were molded of 
concrete mor ta r  placed on metal  lath which had been nailed over 
wooden templates shaped to the surface contours (Figure 5A). A 

f 6-inch rock baffle was installed along three s ides  of the box to 
smooth the water surface and properly distribute the inflow. 

The reservoi r  water surface elevation was measured by means of a 
hook gage mounted in a stilling well attached to the side of the box 
and connected to  a piezometer tap  located in the floor upstream and 
to the right of the inlet where the velocity of approach was negligible 

Inlet - 
The morning-glory inlet was made of concrete screeded to sheet 
metal  templates (Figure 5A). Piezometers were  installed in the 
spillway c res t  and consisted of 1116-inch-inside-diameter b r a s s  
tubes filed flush and solr?ered a t  right angles to  the profile shape. 

Tunnel 

The vertical  shaft, ver t ical  bend, and horizontal portion of the 
tunnel were constructed of transparent plastic to  permit visual 
observation of thef low (Figure 5B). The vert ical  shaft anii hori-  
zontal tunnel were  made from 7 - 11 / 16-inch-inside -diameter 
extruded plastic pipe, which governed the scale  of the model. 
Plast ic  piezometers having a 1116-inch inside diameter were installed 
throughout the vertical  shaft, bend, and tunnel. 

THE INVESTIGATION 

The investigation was concerned with flow conditions in the spillway 
inlet, vertical  shaft, vertical  bend, and horizontal tunnel. The 

i design flow was 860 cubic feet per  second a t  reservoi r  elevation 
545.8, with a pier  located on the c r e s t  of the morning-glory inlet .  

t When the pier was removed, the design capacity was increased 
slightly; however, the model was tested for  flows up to  2,  060 cubic 
feet per  second, since a flow of this  magnitude would be possible 
under extreme emergency operating conditions. Flow character is t ics  
for  still higher discharges were investigated to  a limited degree to  
obtain r e sea rch  data on the hydraulic performance of morning-glory 
spillways. 



Figure 4, but without the deflkctbr and a i r  vent in the vertical bend 
and without the horizontal deflectors through the vertical bend and 
horizontal tunnel. Although use of deflectors and an air  vent were 
contemplated m the prellminary design, it was believed better to 
first test the structure without such appurtenances and to develop 
the best arrangement of these appurtenances by means of the model 
study. 

Flow Cnaracteristics in the Approach and Inlet. The flow approached 
the spillway inlet in a satisfactory manner, a s  shown by the confetti 
streaks on the water surface in Figure 6 .  However, the flow currents 
approaching from the right and left of the inlet opposed each other at  
a plane passing through the center of the inlet and approximately 
normal to the face of the dam. This caused wrinkling of the water 
surface in the inlet along this plane (Figures 6 and 7). The wrinkling 
was about the same an one side of the inlet a s  on tlie other side. In 
Figure 7 it is more apparent on the reservoir side because of the 
lighting arrangement. 

When waves were generated in the reservoir to simulate wind waves 
in the prototype, the wrinkling became more pronounced around the 
entire morning-glory surface (Figures 6B and 7C). This wrinkled 
water surface is to be expected in a morning-glory inlet and i s  not 
objectionable. 

Flow Characteristics in the Tur:neI.. The flow in, the vertical shaft 
turned slightly in a clockwise direction as  it fell through the shaft, 
as  indicated by the flow lines in F i e r e  8. This slight spiraling of 
the flow continued in the .vertical bend and horizontal tunnel. The 
ss'raling flow was more pronounced when waves were generated in 
the reservoir.  

Modifications 

Piers. A single, 2 .  5-foot-wide pier (Figure 9) was tested at various 
locations on the crest  to determine its effect on the spiral flow. This 
pier could be used to house an a i r  vent intake for the tunnel, should 
one be required. The pier was not effective in straightening the flow, 
particularly when 3-foot-high waves were generated in the reservoir.  
A set of six 12-inch-wide piers (Figure 9) was only slightly more 
effective. Since piers tend to t rap debris i n  the prototype, plans for 
the use of piers to straighten the flow were abandoned and tests  to 
develop a deflector in the vertical tunnel shaft were continued. 



Description. In  the recommended design (F igure  4 )  a ver t ica l  deflec- 
t o r  with a i r  vent and two horizontal deflectors were  installed in the 
ver t ica l  bend. The ver t ica l  deflector began at  the point of curvature  
of the  inside of the ver t ica l  bend and extended downward until it 
projected outward a distance of 2 feet f rom the tunnel crown. The 
a i r  vent was placed direct ly  below the  deflector lip and two horizontal 
deflectors extecded f rom the downstream corners  of the  ver t ica l  
defiector through the bend and for  a distance of 4 2  feet into the hori -  
zontal tunnel. The 2-foot-wide undersurfaces  of the vanes were  
tilted downward 4 inches toward the center  of the tunnel. 

Flow Charac te r i s t ics  in the Approach and Inlet. There  were  no 
changes in the prel iminary design of the  spillway approach o r  inlet .  
Therefore ,  flow charac te r i s t ics  were  the s ame  a s  described in  the 
prel iminary design section (F igures  6 and 7). 

i 
Flow Charac te r i s t ics  i n  the Tunnel. Since there  was no change in 
the  design of the inlet o r  tunnel shaft, the flow through the ver t ical  
shaft twisted slightly (Figure  10) s imi l a r  to  that  observed in the  
prel iminary design. 

The deflector provided smooth flow through the bend and horizontal 
tunnel (F igures  11A and B). I t  was considered important that  the 
deflector constrict  the passageway through the bend a minimum 
amount; therefore ,  the  2-foot projection of the  deflector w a s  chosen 
in preference t o  a l a r g e r  one. 

Deflectors. Deflectors were tes ted in  severa l  locations in  attempts 
to d i rec t  the flow to  the invert of the ver t ica l  bend and to  straighten 
the sp i r a l  flow (Figure  10). A 1. 7 5 -  by 11. 25-foot deflector,  placed 
near  the top of the ver t ical  shaft above the inside of the ver t ica l  bend. 

of 1,030 cubic feet p e r  second and above. 

side of the bend and resulted in symmetr ica l  flow in the horizonta 

horizontal tunnel. This  deflector a lso caused excessive vibration 
in  the ver t ica l  shaft and bend. T e s t s  with a sma l l e r  deflector a t  
th i s  location indicated only a minor degree of improvement in the 
flow conditions and vibration tendencies. 

Recommended Design 



However, a similar-si*zed t ree  with branches mizht have more 
difficulty. Only a remote possibility of such an occurrence is 
expected in the prototype. 

The horizontal deflectors were particularly useful in straightening 
the flow currents when wind waves were generated in the reservoir 
(Figures 11C and D). The vanes turned the flow inward and down- 
ward toward the center of the tunnel, thus maintaining a free pas- 
sageway along the crown of the horizontal tunnel for  the movement 
of a i r  (Figures 11 and 12). 

The a i r  vent was provided a s  a precautionary measure to supply 
any additional a i r  that might be required to insure steady flow 
through the tunnel. Normally, the major pox+tion of the a i r  require- 
ment was drawn in through the morning-glory inlet. A t  times, a i r  
was momentarily expelled through the a i r  vent. 

Callbration. Calibration of the spillway showed the anticipated -- 
design capacity to occur at o r  very near the desiw reservoir ele- 
vation (Flgure 13). The spillway discharged 875 cubic feet per 
second at  design reservoir elevation, 545.80 feet, and the discharge 
coefficient was approximately 3 .  81, based upon the inlet circum- 
ference at crest elevation, 544. 00 feet. 

Pressures. Pressure measurements (Figures 14 and 15) showed 
slightly subatmospheric pressures to exist on the crest of the 
morning-glory profile, along the lower portion of the profile, and 
In the lower portlon of the vertlcal shaft. None of these pressures 
was more t h a ~  2 feet of water below atmospheric for flows up to 
1,030 cubic feet per second. For  2,060 cublc feet per second, the 
subatmospheric pressure was about 1 . 5  feet of water on the crest  
and about 2.5 feet in the throat. Pressures were above atmospheric 
through the vertical shaft for this flow. 

Pressures observed on the invert of the vertical bend were above 
atmospheric (Figure 15). Piezsm?ter 4.3 on the bottom face of one 
of the guide vanes at a point immediately below the downstream edge 
of the deflector indicated pressures that fluctuated slightly above 
and below atmospheric. 

Additional Test Data 

Since the capacity of the morning-glory inlet had not been exceeded 
by the design requirements, it seemed desirable to briefly investi- 
gate discharge characteristics beyond the design requirements to 
obtain general hydraulic research data concerning flow characteris- 
tics of morning-glory spillways discharging into a vertical shaft. 



Therefore,  discharge measurements ,  p ressure  measurements ,  and 
photographs were recorded for  flows up to and slightly beyond the 
point a t  which the inlet became submerged. 

Calibration. Calibration of the spillway for flows exceeding the 
deslgn flow showed the inlet to submerge a t  approximately 3, 150 
cubic feet per  second a s  indicated by the change in direction of the 
discharge and coefficient curves (Figure 13). The  data points did 
not indicate an exact polnt a t  which this occurred, but ra ther  a short  
transition zone through which the flow changed f rom weir-controlled 
flow to orifice-controlled flow. At submergence the discharge coef- 
ficient is approximately 3. 92. The maximum coefficient was about 
3 . 9 9  a t  about 2, 700 cubic feet per  second. 

Flow Character is t ics .  Flow in the inlet anL in the approach a r e a  
before and after submergence (Figures  16 and 17) showed a boil 
even af ter  submergence. Submergence occurred when the top of boil 
was near  the elevation of the c re s t .  After the inlet submerged, a 
vortex intermittently appeared in the  boil above the inlet. At higher 
hzads, the boil disappeared, but the vortex alternately formed and 
disappeared. 

Air  was entrained in the flow in the vert ical  shaft of the spillway for 
free-flow discharges up to 3 ,  100 cubic feet per  second (Figure 18). 
F o r  discharges that submerged the inlet, such a s  3, 240 cubic feet 
per  second, the entrained a i r  bubbles disappeared, and a vortex ta i l  
appeared in  the vert ical  shaft. Increasing the flow still fur ther  caused 
the vortex tail to  intermittently disappear.  The vortex intermittently 
formed in the upper portion of the shaft and partially filled with foam 
(Figure 18C). 

P r e s s u r e s .  Theoretical design profiles usmg Creager ,  Justin and 
Hlndslland Wagner2lfor discharges of 900 and 2,000 cubic feet per 
secona a r e  compargd in Figure 19 with the actual design profile. 
The curvature of the d e s ~ g n  profile is much s teeper  than t h e  theoreti-  
ca l  profile in the vicinity of the c r e s t  and in the region above the 
throat a t  elevation 522. Subatmospheric p res su res  were observed in  
these a r e a s  (Figure 14). The observed p res su res  were above atmos-  
pheric in  the regions where the curvature of the actual design profile 
1s f lat ter  than that of the theoretical profiles. 

F o r  free-flow discharges through the inlet that a r e  not affected by 
the presence of a hoil, the subatmospheric p res su res  in the throat 
were  more  severe to  the right and left of the centerline than on the 

I, l / C r e a g e r ,  Justin, and Hinds "Engineering of Dams, Volume I, 
General Design. 
Z/Paper  No. 2802, ASCE Transactions,  Volume 121, 1956, page 311, - ,I Morning-glory Shaft Spillways Symposium, Determination of 
P r e s s u r e  -controlled Profiles,  " by William E. Wagner MIASCE . 



centerline (Figure 14). The higher pressures on the centerline 
were due to  the flow from the right and left of the morning-glory 
inlet coming together in this vicinity. This flow condition caused 
a fin to form oirer this portion of the inlet and thus produced the 
higher, pressures (Figures 6A, 6C, '?A, and 7B). 

The most severe subatmospheric pressure was about 12 feet of 
water below atmospheric (Figure 20) and occurred in the morning- 
glory throat when the inlet submerged. These subatmospheric 
pressures on the walls of the throat became atmospheric in the 
vertical shaft at about the elevation at which the vortex terminated 
(Figure 18'2). Pressures  below this point became increasingly 
greater than atmospheric because the vertical shaft was filled and 
operating under pressure. 

Just before submergence at 3 ,025 cubic feet per second, the pres-  
sures in the vertical shaft fluctuated a s  much a s  5 feet below 
atmospheric to 5 feet above atmospheric. Simultaneously the boil, 
shown in Figure 17A, fluctuated within the moring glory. 

For  flows not filling the shaft, such a s  2, 060 cubic feet per second, 
the pressures on the walls of the vertical shaft were approximately 
atmospheric (Figures 14 and 20). Near the lower end of the vertical 
shaft, immediately above the vertical bend, the pressures began to 
increase to above atmospheric (Figure 14) indicating that the vertical 
bend was beginning to turn the flow. 

Pressures  for submerged flow through the vertical bend (Figure 15) 
reached approximately 57 feet of water above atmospheric on the 
invert just upstream from the midpoint of the vertical bend. Pres-  
sures for unsubmerged flows reached a maximum at  the midpoint. 

Downstream from the bend the invert pressures were approximately 
equal to the depth of flow. This was also true for the submerged 
flow of 3, 300 cubic feet per second since the horizontal tunnel was 
vented and flowed only partially full. 



Fea tu re  units units 
I I 

Height of dam 320 feet 
Length of dam at c r e s t  17,000 feet 
Reservoi r  a r e a  1 13,000 a c r e s  

Storage capacity 

Spillway design capacity 

Head on spillway c res t  at 
design discharge 

Morning-glory inlet 
diameter  

Drop f rom spillway c r e s t  t o  
tunnel invert  

Diameter  of tunnel spillway 

2 . 1 ~ 1 0 6  a c r e -  
feet 

900 cubic feet 
per  second 

1 .85  feet 

31 feet 

99 feet 

9 . 5  feet 

97. 54 m e t e r s  
5, 181. 60 m e t e r s  
52.6 square kilo- 

m e t e r s  
2 . 5 9 ~ 1 0 9  cubic 

m e t e r s  
25.5 cubic m e t e r s  

p e r  second 
56.39 cent imeters  

9.45 meters 

30.18 m e t e r s  

2.90 m e t e r s  



FIGURE I 
REPORT HYD. 51( 

nuvr rum WTY 
" M ! . S D  sr.7Es 

D F P . I ) T Y e I I  0 6  T*E I n r E I I I l R  
s Y i l C I V  O F  IZCL.Y.7,QN 

C E N ~ / I L  V A L L E Y  PROJECT' 
WEST SAN JOaOUIN DW. -Saw LU1S VNI7-CIILIFORLI!I( 

S A N  LUlS D A M  AND FOREBAY DAM 
LOCATION MAP 

" . .  -*.. "....r- ...... B . ; i ; b 4 % - ~ ~ .  .... ...,.,.... tc4  ...-li. rr .*..... a& .-... >.-. 

c"E<"z&4kv .....-?.e "co.w .=.-..;. +:-. .';,>>&:G>;, 

. c .  "'T ...,... 805 - (, - , I (  









I < .  Ver t i ca l  shaf t ,  ve r t i c :~ l  bend, 2nd 
hor izontal  tunnel.  

SAN LUIS DAhl SPIL.LWAY 

Thc 1:14.0.7 Sca le  hlodcl 

F i g u r e  5 
R e p o r t  A y d - 5 1 ~  

A. U p s t r e a m  face of d a m  and in le t .  



Figure 6 
Report Hyd-516 

A. 1, 030 cubic feet 
per second. 

Note: Flow arrow 
indicates direction 
of flow in horizontal 
tunnel. 

B .  1, 030 cubic feet 
per second with 
simulated wind 
waves in 
reservoir. 

SAN LUL5 DAM SPILLWAY 

Flow in Approach Area 
1:14.83 Scale Model 

2, 060 cubic feet 
per second. 



Figure  7 
Report Hyd-516 

A. 1,030  cubic feet p e r  second. B. 2, O G O  cubic fee t  pe r  second. 

iiote: Arrow shows direct ion of flow in tunnel. 

C. 1,030 cubic fee t  per  decond 
with sirnulalcri wind waves 
in the r e se rvo i r .  

SAX LUIS DAM SPILLWAY 

Flow in Inlet 
1:14.83 Scale ~Vlodel 



A. 1 ,030  cubic feet per second. 

B. 2 , 0 6 0  cubic feet per second. 

SAN LUIS DAM SPILLWAY 

Flow i n  Preliminary Tunnel 
1:14.83 Scale Model 

Figure 8 
Report Hyd-516 



Figure 9 
Report Hyd-516 

A. Single pier.  B. Six guide piers .  

Note: Arrows show direction of flow i n  tunnel. 

C. and D. P i e r s  on cres t  with simulated wind waves in the reservoir .  

Discharge = 1 ,  030 cubic feet per second. 

SAN LUIS DAM SPILLWAY 

Flow in Modified Inlet 
1:14.83 Scale Model 



A. Deflector begins at top of 
vertical shaft. 

Figure 10 
Report Hyd-516 

B. Deflector ends at.eleva- 
tion 485 in vertical shaft. 

C. Deflector at base of vertical 
shaft. 

D. Deflector extending into 
vertical bend. 

Discharge = 1,030 cubic feet per second. 

SAN LUIS DAM SPILLWAY 

Effect of Deflectors in Vertical Shaft 
1:14.83 Scale Model 



Figure  11 
Repor t  Hyd-516 

A .  1, 030 cubic fee t  p e r  second. B. 2,060 cubic feet  p e r  second. 

C. 1, 030 cubic feet p e r  second 
with simulated wind waves  in 
the r e s e r v o i r .  

D. 2, 060 cubic fee t  p e r  second 
with simulated wind waves  in 
the r e s e r v o i r .  

SAN LUIS DAM SPILLWAY 

Flow in Recommended Tunnel Bend 
1:14.83 Scale Model 



Figure 12 
Report Hyd-516 
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F I G U R E  15 
REPORT HID-516 

N O T E S  

@ designates o piezometer locat ion.  
The bend inver t  is the zero pressure E X P L A N A T I O N  

datum. Pressures above atmospheric 2060 c f s  
ore p lot ted outward f rom the  dotum. 3200 C f S  

Piezometer NO. 43 IS normglly not  in 3300 c f s  .......................... 
contoct  w i t h  the flow. The 1030 cfs. . . 
pressure here var ies from 1.5 f e e t  
below atmospher ic  t o  1.5 fee t  above 
atmospheric f o r  2060 c fs  f low and 
t 0 .5  f e e t  a t  l o30  c fs .  

SAN L U I S  DAM SPILLWAY 
PRESSURES IN VERTICAL BEND 

1 : 14.83 SCALE MODEL 



Figure  16 
Report Hyd-516 

A. 3.100 cubic feet  p e r  second, 
r e se rvo i r  elevation 548.1. 

B. 3,240 cubic feet  p e r  second, 
r e s e r v o i r  elevation 550.  

C. 3,500 cubic feet  p e r  second, 
r e se rvo i r  elevation 555 plus 
o r  minus. 

SAN LUIS DAM SPILLWAY 

Large  Flows in Approach Area 
1:14.83 Scale Model 



Figure 1 7  
Report Hyd-516 

A. 3 ,100  cubic feet  per second, B. 3,240 cubic feet per second, 
reservoir  elevation 548 .1 .  reservoir elevation 550. 

C. 3, 500 cubic feet per second, 
reservoir  elevation 555 plus 
o r  minus. 

SAN LUIS DAM SPILLWAY 

Large F lows  in Inlet 
1:14 .83  Scale Model 



Figure 18 
Report Hyd-516 

A. 3,100 cubic feet per second 
(air-entrained flow). 

B. 3,240 cubic feet per second 
(vortex present i n  vertical 
shaft and bend). 

D. 3,500 cubic feet per  second (no 
vortex o r  a i r  entrained i n  flow). 

SAN LUIS DAM SPILLWAY 

Large Flows in Tunnel 
1:14.83 Scale Model 



SAN L U I S  DAM SPILLWAY 
CREST PROFILES 

I. 





m8 m r i c  unite and 0'-uerelm fnctma adapted by the  ILSIL( are based on the "lnternatimml amem of Units" ( d e s i p t e d  
si r m  aderne mterne t iom d ' u i t e s ) ,  rlxed by the 1%-tiom mmdttee for ueigbts aod ~ e a s u r e s ;  t h i e  hydem i~ 
elm iman as the Cimgi ar (meteSdlogram (rme~)-ondampm) Bymtem. Tbia w e a n  has been adopted by the 
1nternatiDNil OlgaRization for Standl~dization i n  150 Res-rdstion R-31. 

ma metric technical vrit c: rmce i s  the n~llsm-:me, this 1 6  the fmce which, when opWW t o  a b w  having s 
mss oE 1 kg, gives it an acceleration of 9.8&55 d d s r ,  the mkrdwd mcelerat im or Eree f a l l  tam the - 'B  

center f m  sea 1-1 a t  45 deg latitude. The metric umt of fmee in SI units is the nertoo (N), which i s  denned as 
that fmze which, when applied t o  a b w  haw ng a s  of 1 hg, give. it an anceleletion of 1 dsec/sec .  Zhese units 
run be dietir@BhW rram the ( incondad) lwsl weight W a b w  having a mass of 1 &; thst i s ,  the r e i m  or a 
bDqy i e  that force w i t h  wnich a b w  is attracted t o  the earth and i s  equal t o  the s h e  of a bdy nultiplied by the 
acceleration due t o  gnvitx. Hmever, Decaue it i e  g e n d  m o t i c e  t o  we "pnrod" rather than the technickllg 
cmrect term '3pound-rorce," the tern "Uograo8' (or derrvm rmss unit) has heen used i n  th i s  &de instesd of t%ilogrant- 
f-e" rn expeer% the comrersion factors f m  f m e .  'me newton unit of fmec w i U  find increacLng use, and is 
easemtial in  51 units. 

LENOTH 

aail. . . . . . . . . . . . .  25.4 (cart-1. . . . . . . .  ~ c w  
Inches . . . . . . . . . . .  25.4 (eractlx). . . . . . . .  Ltlllimctere . . . . . . . . . . .  2.54 ( e m t 7 j ) r  . . . . . .  Cmtinrtera 
Feet . . . . . . . . . . . .  30.48 (exactly) . . . . . . .  ccntimtcra . . . . . . . . . . . .  0.2~2+8(-etW)* . . . . .  a t e m  . . . . . . . . . . . .  O.vxl3048 (exactly). . . . .  Ml-tera 
r d e .  . . . . . . . . . . .  0 . 9 U  (exactly) . . . . . .  &tern 
MlEa (etatutc) . . . . . .  1,609.W (uaetly)' . . . . . .  &tern 

1.609344 (exactly) Kil-ters . . . . . .  . . . . .  
U(PIL 

Square inches. . . . . . . .  6.4516 (exactly) . . . . . .  Square ~mtimcters . . . . . .  Squa~e f%et. . . . . . . . .  929.03 (craot4)+. Square oentiartera . . . . . . . .  0.092903 (exsctlr) . . . . .  sq- &era 
Square y d s  . . . . . . . .  0.836127 . . . . . . . . . .  Square =tars 
Acres. . . . . . . . . . . .  0.40469? . . . . . . . . . .  Hectarrs . . . . . . . . . . . .  4,046.W. . . . . . . . . . . .  Sq- &era . . . . . . . . .  . . . . . . . . . . .  0.M40469r Sqv- 'Ailornetem 
Square d l e e  . . . . . . . .  2.58999. . . . . . . . .  Squsre ' A i l d r r  

Cubic inches . . . . . . . .  16.3871. . . . . . . . . . .  Cubic centimeters 
Cubic feet  . . . . . . . . .  0.0283168 . . . . . . . . .  Cubie meters . . . . . . . .  Cnbie ysds .  0.76L555. Cubic &ers . . . . . . . . .  

C11PAcITY 

nuid  m e e n  (W.S.) . . .  29.5737. . . . .  : Cubic cotimsters . . . . .  . . .  29.5729. . . . .  '-1 . . . . .  M l l i l i t n e  
Liquid pin- (3,s.) . . .  0.473179. . . . . . . . . .  m i e  deeimetere . . .  0.473166. . . . . . . . . .  l i t e r s  
burns (US.). . . . . . .  9,463.58. . . . . . . . . . . .  Cubic catimrtere . . . . . . .  0.946358. . . . . . . . . . .  l i t e r s  
Oall- (0.S.) . . . . . .  3.785.43" . . . . . . . . . . .  Cubic e e n t h t e r s  . . . . . .  3.78543 . . . . . . . . . .  hlbic dntmctere . . . . . .  3.78533 . . . . . . . . . .  l i t e r s  . . . . . .  0.03378543* . . . . . . . .  Cubic metere 
call- (u.K.) . . . . . .  4.5l.e -.: . . . . . . . . .  hlbio dec-tra 

., . . . . . . .  4.5!a% . . . . . . . . . .  litmrs 
Cubic feet  . . . . . . . .  Zir:3160. . . . . . .  : . . .  l i t e r s  . . . . . . . . . . . .  Cubic yen% . . . . . . . .  W . 5 %  l i t e r s  
~sre- fee t .  . . . . . . .  : 1A233.F . . . . . . . . . . .  mbie netere . . . . . . . .  .1.233,XC+ . . . . . . . . . . .  l i t e r s  





ABSTRACT 

Model studies were conducted to develop the hydraulic design of the 
spillway approach, morning-glory inlet, vertical shaft, vertical 
bend, and the nearly horizontal portion of the tunnel. A vertical 
deflector with an a i r  vent and two horizontal deflectors were devised 
to provide smooth flow through the vertical bend and to prevent the 
flow from spiraling through the horizontal portion of the tunnel. 
These devices were needed particularly when wind wave2 were gen- 
erated on the reservoirwater  surface a s  this affected the flow in 
the tunnel. Discharges higher than the design requirements were 
briefly investigated to obtain general hydraulic research data con- 
cerning the flow characterist ics of morning-glory spillways. 

ABSTRACT 

Model studies were conducted to develop the hydraulic design of the 
spillway approach, morning-glory inlet, vertical shaft, vertical 
bend, and the nearly horizontal portion of the tunnel. ;2 vertical 
deflector with an a i r  vent and two horizontal deflectors were devised 
to provide smooth flow through the vertical bend and to prevent the 
flow from spiraling through the horizontal portion of the tunnel. 
These devices were needed particularly when wind waves were gen- 
erated on the reservoir  water surface a s  this  affected the flow in 
the tunnel. Discharges higher than the design requirements were 
briefly investigated t o  obtain general hydraulic research data con- 
cerning the flow characteristics of morning-glory spillways. 

ABSTRACT 

Modcl studies were conducted to dcvclop thc hydraulic design of the 
spillway approach, morning-glory inlet, vertical shart, vertical 
bend, and the nearly horizontal portion of the tunnel. A vcrtical 
deflector with an a i r  vent and two horizontal deflectors were devised 
to provide smooth flow through thc vertical bend and to prevent tllc 
flow from spiraling through the horizontal portion 01 tllc tunnel. 
Thcsc devices were needed particularly when wind wavcs were gen- 
erated on the reservoir  water' surface a s  this affected tho flow in 
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I . . I  Discharges higher than the d c u t ~ n  rcquir,cmcnts xcrc 
\,riefly invcstipted to obtain general hyllr;~lllir rcsearslt dntn con. 
cernlnq thu flow chnractcriutlcu uf morning-glory apillwaya. 

ABSTRACT 

hlodcl atudles were conrlucled to develop the lhydraulic dcvlgn of the 
spillway nl:proacll, morning-glory inlet. vertlcnl slloft, vcrticnl 
bend, nnd the nenrlv hurlzontnl nortion u f t h e  tunnel. A vertical 
deflector with an ai6 vent and t& horizontal deflectors weredevised 
to provide smooth flow through the vertical bend and to prevent the 
flow from spiraling through thc hori.l.onta1 portion of the tunnel. 
These devices were needed particularly when wind waves were gen- 
erated on the reservoir  water surface a s  this  affected thc flow in 
the tunnel. Discharges higher than the design requirements were 
briefly investigated to obtain general hydraulic research dats con- 
cerning the flow characteristics of morning-glory spillways. 
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